RESULTS
As in previous toxicity studies of mice, a 500 mg/kg overdose of acetaminophen produced a prompt increase in total Ca2 in liver nuclei ( Fig. l#{192}) , followed shortly thereafter by the appearance of liver damage ( Fig. 1 B) . 2 and 12 h and a ladder of DNA fragments diagnostic of Ca2-endonuclease activity. Chiorpromazine alone had no effect on the integrity of genomic DNA (Fig. 2, bottom Liver damage intensified from this time onward (Fig. 1B) Ca2 accumulation in the nucleus at 2 and 6 h (Fig. SA) , and significantly reduced the extent of DNA fragmentation and rise in serum alanine aminotransferase activity seen through 72 h in animals receiving acetaminophen alone (Fig. 3B-C (Fig. 4B) . Again, chlorpromazine pretreatment had no effect on acetaminophen-induced Male NIH Swiss mice were treated as in Fig. 1 sulfliydryl depletion. Nuclear sulfhydryls were extensively depleted after 2 h in both groups receiving acetaminophen, and returned to the control value at 6 h. Finally, verapamil pretreatment appeared to have no effect on glutathione depletion from whole liver produced at 2 and 6 h by acetaminophen (Fig. 5) Saline control values were 42 ± 10 and 69 ± 4 U/I, respectively. 
Nicotera et al. (69) have demonstrated that Ca2 is actively transported
into the hepatocyte nucleus by a calmodulin-dependent pump that utilizes ATP as the energy source. In our present in vivo studies and in previous experiments with cultured mouse hepatocytes, liver nuclei accumulated Ca in advance of acetaminophen-induced cytotoxicity.
Within each experiment, the extent of Ca2 accumulation predicted both the degree of DNA fragmentation and magnitude of toxic cell death (Figs. 1, 3)  (16, 17) . The ability of chlorpromazine to prevent Ca2 accumulation by liver nuclei may relate in part to the ability of this calmodulin antagonist to block active uptake of Ca2 by the nuclear membrane Ca2 pump (Fig.  6 ). There is limited direct and indirect support for chlorpromazine action at this site. When administered alone, chlorpromazine produced a transient 43% decrease in nuclear Ca2 concentration (Fig. 1A) . Ca2 entry through receptor-operated channels in the plasma membrane, and 2) calmodulin-dependent translocation of intracellular Ca2 through the nuclear membrane. This dual means of action would be consistent with results presented here and those presented by others showing that chlorpromazine has greater antidote efficacy against acetaminophen than agents that act purely as Ca2 channel blockers (Fig. lB. Fig. 3C; 10) A well-characterized action of verapamil is dilation of blood vessels and enhancement of local vascular circulation (10). In the liver, this action could improve the oxygenation of the centrilobular region of the liver lobule, a zone that is highly susceptible to damage by a variety of hepatotoxins. Although not examined directly here, these and other actions of verapamil could contribute to the established effects on Ca2 in protecting against toxic cell death observed in the present studies.
A novel aspect of the present studies is the effect of acetaminophen overdose on sulfhydryl content of liver nuclei.
Acetaminophen caused sulfhydryl depletion in nuclei by 2 h (Fig. 4B) , similar to that seen in other cellular compartments including cytosol and mitochondria (43, 79). Chlorpromazine alone had no effect on nuclear sulihydryl content and failed to alter sulfhydryl depletion by acetaminophen.
This 
